Background: The impact on health related quality of life (HRQoL) of rituximab maintenance (R-M) versus observation (OBS) after induction for treatment of follicular lymphoma (FL) is unclear.
Introduction
Follicular lymphoma (FL) is the second most common form of non-Hodgkin's lymphoma (NHL), representing 35% of adult NHL cases in the United States [Pettengell et al. 2008 ]. The disease is typically characterized by an indolent course and a high initial response rate, followed by relapse and recurrent progressions with successively shorter intervening intervals of stable disease [Vidal et al. 2009 ]. Most patients are diagnosed with advanced disease, characterized by fever, weight loss, enlarged lymph nodes, night sweats and fatigue, although patients with advanced disease may be asymptomatic [Solal-Celigny et al. 2010] . Transformation to an aggressive lymphoma subtype can occur at any stage of the disease and is associated with a very poor prognosis. Estimates of median survival are variable but approximately 810 years based on evidence prior to the widespread use of rituximab [Tilly and Zelenetz, 2008] . FL treatment may comprise watchful waiting, radiation, radio-immunotherapy, chemotherapy with or without the use of monoclonal antibodies, depending upon the presenting clinical characteristics [Gine et al. 2010] . The most common chemotherapy regimens, CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisolone) and CVP (cyclophosphamide, vincristine, and prednisolone), may result in gastrointestinal distress, alopecia, mucositis, dysphagia and skin irritation [Gine et al. 2010] . Rituximab (Rituxan), a monoclonal antibody, may also be added to each of these regimens (R-CHOP, R-CVP). It is administered by IV infusion and given with chemotherapy as front-line treatment, or given as a single agent for maintenance therapy [Keating, 2010; Ghielmini et al. 2009 ].
The addition of rituximab to front-line chemotherapy has resulted in improved response rates, progression-free (PFS) and overall survival (OS) in several trials [Marcus et al. 2008; Hainsworth, 2002] , without notable toxicity [Witzig et al. 2005; Davis et al. 2000 ]. In addition, the use of maintenance rituximab following chemotherapy has been shown to be superior to observation in terms of response duration among NHL patients not previously treated with rituximab [Maloney, 2008; Forstpointner et al. 2006 ]. Furthermore, a recent multicenter study of maintenance rituximab in FL patients showed a significant improvement in PFS after 2 years when compared with patients on observation only [Salles et al. 2011; Hochster et al. 2009 ]. However, the use of rituximab maintenance (R-M) after front-line chemotherapy may be associated with additional side effects compared with observation (OBS). These include infusion reaction, depletion of B cells, and increased neutropenia and infection [Vidal et al. 2009 ]. Because patients with minimal disease may be relatively asymptomatic, the negative impact on health-related quality of life (HRQoL) of treatment of FL might be greater than the effect of the disease [Pettengell et al. 2008] . However, the extent to which RM incrementally impacts HRQoL is unclear, as the FL HRQoL literature in general is sparse [Cheung et al. 2009; Pettengell et al. 2008] , and much of the rituximab-specific work has been done in the clinical trial setting [Witzens-Harig et al. 2009 ].
Pettengell and colleagues examined the impact of disease state on the health function of 222 FL patients in the UK [Pettengell et al. 2008] . The authors concluded that relapsed FL patients experienced worse HRQoL than patients who were newly diagnosed or in remission. This suggests that prolonging the time to treatment failure, perhaps via more intense induction or through use of maintenance regimens, is important to maximize HRQoL in this population.
Witzen-Harig and colleagues examined the impact of R-M on HRQoL in a prospective randomized trial of R-M versus OBS in 122 patients with CD20þ B-cell NHL [Witzens-Harig et al. 2009 ] and found no difference in global, functional and symptomatic health states between patients on R-M and OBS.
The goal of cancer therapies as it relates to HRQoL is to minimize the impact of disease progression and treatment-related side effects. The goal of this research was to support such decision making in patients with FL by characterizing HRQoL among patients treated in a community setting with R-M therapy compared with those who received OBS after completion of front-line therapy.
Methods

Patients and setting
This was a retrospective chart review and database analysis conducted at seven community oncology practices in different geographic areas of the United States. Patients were eligible if they were (1) at least 18 years of age, (2) had a confirmed diagnosis of FL, (3) had received front-line therapy consisting of combination chemotherapy with or without rituximab, or consisting of rituximab monotherapy, (4) had received single-agent rituximab as single-agent maintenance therapy following front line therapy, or were followed under observation following front-line therapy, and (5) had completed at least one Patient Care Monitor (PCM) assessment after completion of front-line therapy. Administration of the PCM was part of routine care in the participating practices, and administration of the PCM was consistent across practices, always being completed prior to lab work and physician consultation. Patients were excluded if they had experienced disease progression during front line therapy or had a history of other cancer within the 5 years prior to diagnosis with FL.
Procedures
Potentially eligible patients were identified by community oncology practices affiliated with ACORN Research and through review of electronic records in the ACORN Data Warehouse. The resulting patient list was then matched with archived data in the ACORN PCM data repository. Medical charts were subsequently reviewed to determine final study eligibility according to aforementioned inclusion criteria. All patients identified as eligible were included. Completed case report forms were submitted via dedicated facsimile to the ACORN analysis center and entered into a secure database. All participating practices obtained patient permission for use of properly de-identified records, and all study procedures were approved by IntegReview Institutional Review Board of Austin, Texas.
Study measures
The primary endpoints for this study were indices of symptom burden and HRQoL as collected Therapeutic Advances in Hematology 2 (3) by the PCM. PCM, version 2.0, is an 86-item self-report measure that assesses physical symptoms, psychological symptoms and physical functioning, and asks patients to rate the severity of symptoms on an 11 point (0 to 10) Likert-type scale. The PCM is administered via touch screen tablet PC as a routine part of care at participating community oncology practices. The PCM produces standardized index scores (T scores) for six screening scales in which higher scores denote more severe symptoms. The indices are: General Physical Symptoms, Treatment Side Effects, Despair and Depression, Acute Distress, Impaired Ambulation, and Impaired Performance. The PCM has been shown to be valid for assessing HRQoL in cancer patients and has been used in a number of studies Stepanski et al. 2009; Walker et al. 2009; Fortner et al. 2006 ]. The analysis reported in this paper included only the 38 core items used to construct the 6 index scores.
PCM surveys were included if they were collected between the end of front-line therapy and the end of either R-M or the observation period post-front line. The post-front-line period (maintenance or observation) was defined as ending when maintenance was discontinued, when observation ended (through resumption of treatment), when the patient experienced disease progression, or when the record of treatment ended. Thus, PCM surveys administered after disease progression were excluded from the analysis, and the analysis does not attempt to model the impact of progression in the study sample.
It is generally recognized that small differences or small treatment effects may be statistically significant yet clinically unimportant [Copay et al. 2007; Jaeschke et al. 1989 ]. The concept of the minimal important difference (MID) refers to the smallest difference that is important, and here refers specifically to the smallest change in HRQoL that is important to the patient. MID can be calculated using a variety of methods [Revicki et al. 2008] . In this study we used distributional methods based on the work by Ringash and colleagues who have suggested that 510% of the instrument range is the MID for HRQoL [Ringash et al. 2007] . A change of 0.5 to 1 point would therefore represent the MID for individual PCM items, and 1.5 to 3 points the MID for PCM index scores.
Statistical methods
Descriptive statistics were generated for all study variables. KaplanMeier analysis was used to assess the duration of R-M and of OBS in the post-front-line period, to allow for inclusion of cases for which maintenance therapy or observation was ongoing. Chi-square tests, Fisher's exact test, and independent samples t-tests were used to test for differences between maintenance and observation treatment groups on demographic, disease, and front-line treatment characteristics.
Using methods described by Littell and colleagues and Cnaan and coworkers [Littell et al. 2000; Cnaan et al. 1997 ], linear mixed models were employed to examine the change in symptoms and HRQoL over time following front-line chemotherapy and starting with either maintenance therapy or observation. Each model examined the interval since the end of front-line therapy (Interval). Each model also examined whether patients received R-M or OBS (Group) in the post-front-line period. Because they were central to the questions under study, each model included Interval, Group, and the interaction of Group with Interval, irrespective of statistical significance.
Results are presented graphically for two of the PCM outcomes. Although the duration of OBS or R-M varied across patients, the duration of the post-front-line period is shown at the median interval for the R-M group, about 18.5 months. This has no bearing on the underlying models, but merely simplifies the presentation of findings. Each model also examined several patient-level variables: (1) age at diagnosis, (2) race, (3) gender, (4) body mass index (BMI), (5) Eastern Cooperative Oncology Group (ECOG) performance status rating, (6) front line therapy, (7) primary insurance coverage, (8) Follicular Lymphoma International Prognostic Index (FLIPI) class, and (9) propensity score, as discussed in the following.
Propensity score analysis was used to balance treatment groups on demographic, disease and treatment characteristics. The propensity score (probability of being in the maintenance group) was estimated with a logistic regression model, using established methods [Dehejia and Wahba, 1999; Rosenbaum and Rubin, 1984 ]. The final model contained the most significant predictors among demographic, disease and treatment characteristics available from the data, to the extent allowable by the sample size. The propensity score was then used as a covariate in linear mixed models analyses.
Finally, separate analyses were conducted among patients who received R-M to examine the impact of R-M schedule, and the impact of being in the active phase of R-M therapy. Rituximab schedule was modeled as binary (4 weeks of treatment every 6 months versus all other schedules). Models also examined age, FLIPI score, interval since start of R-M, and status of each PCM survey as occurring during active rituximab therapy versus not during active rituximab therapy. Statistical analyses were conducted with SPSS version 15. All statistical tests were interpreted at a ¼ 0.05, two tailed.
Results
Sample development
A total of 1233 potentially eligible patients were identified. Of these, 62% had no record of PCM surveys, and therefore were not eligible. This does not reflect patient refusal, but rather occurs because some physicians at participating practices do not employ the PCM survey. Primary reasons for exclusion in the remaining 458 potentially eligible subjects were insufficient evidence of FL, ineligible therapy or observation only during the front-line period, history of other cancer within 5 years of diagnosis with FL, and incomplete electronic medical record data. A total of 137 patients passed all eligibility criteria. Figure 1 depicts Therapeutic Advances in Hematology 2 (3) patients classified as high risk using the FLIPI score. The most common front-line regimens were R-CHOP (34%), R-CVP (18%), and rituximab monotherapy (26%).
There was no difference between groups in age (p ¼ 0.684), BMI (p ¼ 0.604), gender (p ¼ 0.861), race (p ¼ 0.193), insurance coverage (p ¼ 0.232) or disease stage (p ¼ 0.350). ECOG performance status was missing for the majority of patients (63%), but did not significantly differ across treatment groups (p ¼ 0.300). The FLIPI score, calculated and classified as per Buske and colleagues also did not significantly differ across treatment groups (p ¼ 0.111) [Buske et al. 2006 ].
Start dates of front-line therapy differed significantly across treatment groups, with OBS patients having started front-line treatment on average 14 months earlier than R-M patients (p ¼ 0.005). Front-line therapy was collapsed for analysis to any rituximab containing therapy (monotherapy or combination) versus nonrituximab containing therapy. Patients in the OBS group were more likely to have received front-line chemotherapy without rituximab (p ¼ 0.05), but there was no difference between treatment groups in the duration of front-line therapy (p ¼ 0.693). Additional information regarding demographic, disease, and treatment characteristics is reported in Table 1 .
As indicated by the nonsignificant group differences reported above, the R-M and OBS groups appeared well balanced on most variables. Groups significantly differed on only two PCM assessment PCM surveys were available from 136 of the 137 patients in the study (all data from one patient was incomplete and could not be scored).
However, 30 patients completed PCM surveys that were all outside the range for inclusion in this study (e.g. after disease progression). As a result, the effective sample for analysis of PCM survey data was 595 PCM surveys from 106 patients.
For descriptive analysis, PCM scores were aggregated at the patient level, yielding a mean score per patient for each index score. Descriptive statistics for patient level mean index scores, by treatment group, are reported in Table 2 . It should be noted that although the median duration of OBS was longer than the median duration of R-M, PCM observations were not disproportionately sampled from the observation group.
Linear mixed models analysis of PCM items
In general, scores reflecting physical symptoms tended to either stabilize or improve during the post-front-line period. However, the latter trends reflected a very gradual rate of change, even when statistically significant. Also, psychological symptoms and physical functioning remained stable after completion of front-line therapy. Overall, patients on R-M had PCM index scores that were generally equal to those for OBS patients.
General Physical Symptoms
Linear mixed model results for the General Physical Symptoms index showed that patients in both the R-M and OBS groups improved (p ¼ 0.028) significantly over the course of the period observed after cessation of front-line therapy. The R-M group had nominally worse symptoms than the OBS group at the start, but scores converged over time and the difference between groups overall was not statistically significant. The model also indicated that patients who had a history of receiving non-rituximab-containing therapy during their front-line therapy experienced significantly less (p ¼ 0.019) physical symptom burden compared with those with a history of front-line therapy that contained rituximab. Model findings are represented in Figure 2 (a).
Treatment Side Effects
Linear mixed model results for the Treatment Side Effects index showed a significant interaction between Group and Interval (p ¼ 0.010). As shown in Figure 2(b) , R-M patients started off with nominally higher (worse) Treatment Side Effects index scores, but they improved at a faster rate than patients in the OBS group. The combination of these effects was that scores for the R-M and OBS treatment groups converged by about 14 months into the post-front-line period.
Psychological symptom measures
Linear mixed model results for the Acute Distress index suggested stable scores for both groups during the post-front-line period.
Similarly, linear mixed model results for the Despair and Depression index indicated that scores did not change significantly during the period following front-line therapy, and the groups did not differ significantly. The effect of front-line therapy was significant (p ¼ 0.036), with patients who received non-rituximab-containing chemotherapy during front-line scoring lower (better) on the Despair and Depression index than patients who received rituximab.
Physical functioning measures
There was a smaller patient sample available for analysis of the Impaired Ambulation and Impaired Performance index scores (n ¼ 79), as shown in Table 2 , because some community practices exclude physical functioning outcomes in their use of the PCM.
For both R-M and OBS groups, Impaired Ambulation scores did not change significantly during the post-front-line period. Age was a statistically significant predictor for Impaired Ambulation (p ¼ 0.002), with a 10-year increase in age associated with a 1.8-point increase (worsening) in scores.
Impaired Performance scores improved significantly for the sample overall during the period following front-line therapy (p ¼ 0.002), as shown in Figure 3 . The R-M group appears in the figure to have less severe Impaired Performance index scores, but the difference between groups was nonsignificant. Age and front-line therapy were significant in predicting Impaired Performance, with younger patients (p ¼ 0.002) and those who received a nonrituximab-containing regimen (p ¼ 0.046) reporting less impaired functioning, as indicated by lower scores on the Impaired Performance index.
Subsample analysis of rituximab maintenance data
Follow-up mixed models analysis was conducted just among R-M patients. These models were intended to address the impact of R-M in a different way, by examining maintenance schedule, and by comparing the period when R-M patients were actively getting rituximab with the period between active treatments. Results showed that there were no effects of maintenance schedule, but showed that active receipt of rituximab during maintenance therapy was associated with improved psychological symptoms relative to the intervening period between doses of R-M. The effects were large enough to be considered clinically relevant. That is, they met or exceeded the MID. The effects also were statistically significant (2.0 points and 1.7 points, p ¼ 0.023 and p ¼ 0.017, respectively, for the Acute Distress, and Despair and Depression index scores).
No such effects were observed for the General Physical Symptoms or Treatment Side Effects index scores, the only other PCM index scores with sufficient data for modeling in this subsample.
Discussion
There is increasing evidence supporting the use of maintenance therapy with rituximab after successful induction therapy in patients with relapsed or refractory FL [van Oers et al. 2010; Ghielmini et al. 2009; Vidal et al. 2009; Witzens-Harig et al. 2009 ]. However, questions remain regarding the potential impact of therapy on HRQoL. The current study abstracted data from medical charts, and collected repeated HRQoL assessments from FL patients treated at seven community oncology clinics in the US. The population selected was similar in age, gender, and race to FL patients in the Surveillance, Epidemiology, and End Results database [National Cancer Institute, 2005] and to patients in the National Lymphocare Study (NLCS) [Friedberg et al. 2009 ]. Our findings showed that after completion of front-line therapy, most symptoms were stable, with patients on R-M reporting symptoms that were generally equal to those reported by OBS patients. Among R-M patients, active receipt of rituximab during the maintenance period was associated with improved psychological symptoms relative to the intervening period between doses of rituximab. Study findings provided no evidence of a clinically relevant adverse impact of R-M on HRQoL.
Findings from this study add to the literature on HRQoL in at least two ways. First, this study characterized changes in HRQoL over time, after completion of front-line therapy. Therapeutic Advances in Hematology 2 (3) Second, the study examined the impact on HRQoL of R-M compared with OBS. In addition, the study examined differences between patients selected for R-M and those selected for OBS in the community setting.
Response duration in the treatment of FL is improving [Boland et al. 2009; Cheung et al. 2009; Friedberg et al. 2009; Fisher et al. 2005] , due in part to treatment advances such as the introduction of rituximab, and the clinical benefits of rituximab maintenance [Maloney, 2008; Forstpointner et al. 2006 ]. However, physicians continue to balance treatment decisions with the potential impact on patient HRQoL. Such decisions have been complicated by the paucity of data regarding the impact of treatment, including that of R-M, on HRQoL. The current study should help to clarify these issues.
The most notable finding in this study was the general absence of an adverse impact of R-M on HRQoL. Subsample analysis examining the impact of active receipt of rituximab during maintenance therapy relative to the intervening period between doses also showed no adverse impact on physical symptoms. There was an effect on psychological symptoms, but this effect indicated decreased Acute Distress and decreased Despair and Depression during active receipt of rituximab. This may reflect patients' own awareness and sense of reassurance that their disease was being actively managed, and may be counter to the potential adverse effect of watchful waiting, cited earlier [Webster and Cella, 1998 ]. Although this analysis was conducted with only a subsample of patients, the significant effects observed for the psychological functioning outcomes suggests that the absence of significant adverse effects on other PCM outcomes is not the result of inadequate statistical power.
As survival durations extend, the number of patients living with FL is expected to grow notably. As a result, physicians will continue to negotiate an increasing array of treatment options for this clinically heterogeneous population. Understanding the trajectory of HRQoL associated with the disease and its treatment is essential in minimizing the burden to the patient, to their caregivers and to society as a whole.
In interpreting these findings, several limitations should be considered. First, although data were collected from geographically dispersed community oncology practices, and although sample characteristics were similar to those from two national samples, the study used a convenience sample that may differ in unknown ways from the underlying population. Also, patients were not randomly assigned to treatment groups. Although propensity score modeling was employed to reduce the effects of selection bias, and although cohorts appeared well balanced, the complexity of the propensity score model was limited by the sample size in the study. As a result, some risk associated with selection bias likely remains. Third, the sample size in this study was modest, and reduced both the complexity and statistical power of tests that were conducted. This was especially true in the assessment of the effects of active treatment with rituximab, which included only the R-M sample.
Despite these limitations, we believe this study provides new information regarding the experience of patients undergoing treatment of FL, and regarding the HRQoL impact of treatment. Our findings suggest that HRQoL follows a predictable course. Postinduction, most symptoms appear stable, with patients on R-M reporting symptoms that are, in general, equal to or better than those reported by OBS patients. Considering the clinical benefit of rituximab maintenance, these findings provide further support for use of R-M in patients with follicular lymphoma.
